Modeling and Distribution of Link Travel Times: An Analysis on Istanbul Freeways  by Aksoy, Goker & Celikoglu, Hilmi Berk
 Procedia - Social and Behavioral Sciences  54 ( 2012 )  117 – 128 
1877-0428 © 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Program Committee 
doi: 10.1016/j.sbspro.2012.09.731 
EWGT 2012 
15th meeting of the EURO Working Group on Transportation 
Modeling and distribution of link travel times: an analysis on 
Istanbul freeways 
Goker Aksoy, Hilmi Berk Celikoglu*  
Department of Civil Engineering, Technical University of Istanbul, Ayazaga Campus, Maslak, 34469, Istanbul, Turkey 
 
Abstract 
Travel times can be directly estimated by measurements including probe vehicles, Bluetooth detectors, and etc. Route and 
network wide travel times can be alternatively specified employing indirect estimation methods. These methods can be 
classified into two those are trajectory based and traffic flow model based. Considering the latter class, an approach to 
reconstruct travel times is to employ models commonly used in dynamic traffic assignment, where the travel time on a link is a 
treated as a function of the number of vehicles on the link. In the presented research, we concentrate on the reconstruction 
performance of two traffic flow models on freeway link/path travel times. A link performance function based macroscopic 
traffic flow model is employed and compared with a microscopic traffic flow model. Performances of selected methods are 
evaluated with the actual measurements on travel time. Actual travel times have been collected on weekdays by using a global 
positioning system (GPS) module equipped probe vehicle. Following reconstruction of link/path travel times employing 
macroscopic and microscopic models, an evaluation on the distribution of model calculations with the corresponding to GPS 
measurements presented. 
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1. Introduction 
Traffic congestion is a major problem that is also related to the performance of transportation systems from 
perspectives of both road users and operators. Whether using private car or public transport, travel time is a 
significant measure for quantifying the level of congestion and the quality of the service. Increasing travel times 
directly affect the quality of the service. Travel time has always been a key measure to evaluation of transportation 
systems’ performance since it is simple to measure. 
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Travel times can be directly estimated by measurement in different ways. Some of these include conventional 
approaches, global system positioning (GPS) module equipped probe vehicles and Bluetooth detectors. Route and 
network-wide travel times can be alternatively specified employing indirect estimation methods. These methods 
can be classified into two those are trajectory based and traffic flow model based. Considering the latter class, an 
approach to reconstruct travel times is to employ models commonly used in dynamic traffic assignment, where the 
travel time on a link is a treated as a function of the number of vehicles on the link. Prediction of travel time is 
another issue that the difference should be distinguished considering estimation. Travel times can be predicted by 
various methods such as artificial neural networks, Kalman filtering techniques, time series models, and etc. Some 
prediction models are developed using historical traffic data while others rely on real-time traffic information. 
This paper focuses on freeway link/path travel time reconstruction performance of two traffic flow models. We 
utilize a linear travel time function based macroscopic link performance formulation and microscopic traffic 
simulation software. Following, evaluation on the distribution of model calculations with the corresponding actual 
travel times are presented. 
There are two strait crossings on the Bosphorus in Istanbul. We deal with the propagation and dynamics of 
traffic flow on the Fatih Sultan Mehmet Bridge as a section existing on the Trans European Motorway (TEM) 
sourcing measurements on traffic variables, i.e., vehicle counts, speed and occupancy, collected by microwave 
sensors. Reconstruction study is conducted on a 5.40 km multi-lane freeway stretch of TEM. Traffic flow 
measures input to flow models are collected by 7 microwave sensors each adjacent two of which account to bound 
a section as if to form an artificial link. To represent real conditions accurately, actual travel time data has been 
collected on weekdays within the morning and evening peak periods of one week over a route of Istanbul freeway 
network by a GPS module equipped probe vehicle.  
The approaches in measuring and reconstructing travel times within a brief summary of theoretical backgrounds 
are presented in the following section. The conducted case study is presented in Section 3 by explicitly referring to 
field data, employed methods and numerical implementations. Conclusions and discussions are summarized in the 
final section.  
2. Measuring and Estimating Travel Times 
Travel time can be obtained in two ways: direct measurement by field observations or estimation by a method. 
Conventional methods of measuring travel time are extremely difficult. Besides they are imprecise for travel 
research since unpredicted human errors may affect measurements. More recent technologies can be used both to 
automate travel data collection and to avoid uncertainties those are difficult to predict. For example, Global 
Positioning System (GPS) module equipped probe vehicles are used to record driving behaviour in a more 
automated way (Draijer et al., 2000; D’Este et al., 1999; Quiroga and Bullock, 1998).  
Travel times can be measured in various ways, such as paper-pencil dairy, cell phone tracking, Bluetooth 
detectors, automatic vehicle identification (AVI), automatic plate recognition, GPS equipped probe vehicle and 
etc. Catalano and van der Zijpp (2002) showed that cell phone tracking does not provide accurate information 
about vehicle’s location so that travel time accuracy may consequently decrease. In order to automatically 
determine vehicles a more accurate way called Radio-Frequency Identification (RFID) technology can be utilized 
(Kwong et al, 2009). Alternatively, Bluetooth detectors can be used to determine travel time information from 
each vehicle having a Bluetooth signal. Wang et al (2011) showed that Bluetooth detectors measure travel times 
8% closer to real travel times than ones obtained by AVI.  
Several methods for travel time estimation and prediction, i.e., Kalman filtering technique, neural networks, 
time series models and etc., are proposed up to now. Chen and Chien (2001) employed Kalman filtering method 
for predicting travel times because it enables real time updating with the new observation measured by GPS 
equipped probe vehicle. A single GPS equipped probe vehicle is employed for estimating link travel times with the 
combination of fuzzy sets in the study by Li and McDonald (2002). Liang and Ling-Xiang (2006) proposed a 
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model based on back propagation neural network which combines the traffic data obtained from GPS equipped 
probe vehicles and fixed loop detectors. Guin (2006) has employed univariate time series based approach to 
predict future travel times by using the historical travel time data.  
3. Case Study on Istanbul Freeways 
Istanbul is the major city of Turkey and accommodates a population of more than 12 million. In contrast to 
other urbanized areas, Istanbul strait separates the city into two main lands which results in a reasonable traffic 
demand commuting between two continents, Europe and Asia. Currently there are two strait crossings on the 
Bosphorus in Istanbul. In the present study we deal with the propagation and dynamics of traffic flow on an 
approach to the Fatih Sultan Mehmet (FSM) Bridge as a section existing on the Trans European Motorway (TEM). 
Istanbul is a growing city parallel to the east-west direction since freeway network is also evolving in this 
direction as in a linear structure. More than 2.7 million motorized vehicles, composed of 1.8 million private 
vehicles, 110,000 buses and minibuses, 650,000 trucks (TUIK, 2010), exist in Istanbul. According to the 
household surveys 21 million trips are generated that results in a mobility rate of approximately 1.74. Home-based 
work and home-based school trips constitute to more than 50% of daily trips. 29% private vehicles and taxis and 
63% public buses and service vehicles are figures representing the overall mode choice of motorized vehicle trips 
in Istanbul. 37% of these daily trips are generated within morning and evening peak periods. Although an 
exaggerated demand exists on both two bridges, Istanbul strait crossings constitute to an 11% of total daily 
motorized trips. 
3.1. Field data 
Field data on travel time has been collected by a GPS equipped probe vehicle on weekdays within the morning 
and evening peak periods of one week. Study area is chosen as to include Istanbul’s most congested arterial, a 
four-lane freeway segment including the FSM Bridge (see Fig.1). In order to provide day-to-day consistency field 
measurements have been started at the same time both in the mornings and in the evenings. GPS data can be easily 
aggregated on purpose in order to account for the optimal computation interval. GPS device records the 
geographical coordinates (latitude, longitude and ellipsoidal height) with respect to the World Geodetic System 
1984 (WGS-84) datum in every second during the cruise of the probe. By geographical coordinates belonging to 
every second, horizontal spacing between points is calculated. This means that the probe vehicle’s speed (m/sec) is 
known spatially and temporally throughout the study area. 
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 1. (a) Test route and Istanbul freeway network; (b) Study stretch and RTMS positions. 
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Figure 1(a) shows the whole test route that traffic data have been collected. Total length of the freeway section 
in interest is approximately 37 km. The reason for such a long study segment is to collect traffic data with GPS 
much as we can in order to evaluate spatial variations. Traffic flow data, i.e., vehicle counts, speed and occupancy, 
obtained from remote traffic microwave sensors (RTMS) is input to modelling study. On the route of our interest, 
traffic demand has extreme time of day variations. West of the city (European side) holds commonly commercial 
areas while east of the city (Asian side) is occupied with residential districts. In general, this condition yields to a 
reasonable traffic demand between the two continents. In morning peak period flow from the East to West is 
highly congested and vice versa in the evening peak period. Within peak periods contra flow lane application is 
utilized on both two strait crossings bridges. Figure 2(b) shows approximate locations of RTMS, some of which 
are collecting one-way traffic data while others are collecting two-way. 
3.2. Modelling methods 
In the present study, we seek to reconstruct link/path travel times by using a linear travel time function based 
macroscopic link performance formulation (Friesz et al., 1993) and microscopic traffic simulation software, 
VISSIM. 
In terms of inflows to and outflows from a link, the macroscopic traffic flow model of Friesz et al. (1993) 
reconstructs link travelling times as a linear function of conserved link loads. In contrast to utilized macroscopic 
approach, the VISSIM microscopic traffic simulation software generates and propagates traffic flow following the 
theory presented in the work by Wiedeman (1974, 1991). Microscopic modelling background in Wiedeman (1974) 
integrates two approaches those are on longitudinal and on lane-changing behaviour of drivers. In the following, 
the theoretical backgrounds of reconstruction methods are summarized. 
3.2.1. Macroscopic reconstruction method 
Flow conservation given in Eq. 1 is a base for link performance function based modelling approaches those are 
travel time function adopted and exit link function adopted.  
 
( ) ( ) ( )dn t u t w t
dt
= −         (1) 
 
In Eq. 1 n(t) is number of vehicles, u(t) and w(t) are respectively the inflow to and the outflow from the link at 
time t. In an exit link function based formulation, w(t) is assumed to be a function of n(t) as given in Eq. 2.  
 
( ) ( ( ))w t g n t=
         
(2) 
 
The exit link function given in Eq. 2 should be non-negative, continuous, non-decreasing and bounded with the 
n(t). The pioneer exit link function based formulation is introduced by Merchant and Nemhauser (1978). This first 
formulation does not guarantee that the first-in-first-out (FIFO) rule always holds. 
The second approach is to employ a travel time function. Travel time, Ĳ(t), for traffic which enters a link at time 
t is given in Eq. 3. 
 
( ) ( ( ), ( ), ( ))t f n t u t w tτ =         (3) 
 
Most of the travel time functions are the special cases of the Eq. 3. The independent variables in Eq. 3 can be 
used either all together or separately and pair wise in order to account for link travel times. Friesz et al. (1993) 
have suggested a linear travel time function based on Eq. 3, as given in Eq. 4.  
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( ) ( ( ))t f n tτ =          (4) 
 
Here, travel time on a link is only a function of the number of vehicles on the link at time t, where f(.) is 
continuous, non-decreasing, positive and differentiable. Evolving Eq.4 adopting a linear function yields Eq. 5 
where, Ĳff represents free-flow travel time and nmax represents the maximum vehicle that link can hold. When the 
number of vehicles on the link approaches nmax, travel time exists as twice as the free-flow travel time.  
 
max
( )( ) ff ff
n t
t
n
τ τ τ
§ ·
= ⋅ +¨ ¸© ¹
        (5) 
 
The number of vehicles on link at time t can be obtained as given in Eq. 6, where s<t. 
 
0
( ) (0) ( ( ) ( ))
t
n t n u s w s ds= + −³        (6) 
 
Friesz et al. (1993) proved that when f(.) is linear, the model satisfies FIFO rule for all continuous inflow 
patterns. When FIFO rule holds and flow is conserved, relationship in Eq. 7 can be written.  
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Differentiating Eq. 7 with respect to t gives Eq. 8 
 
( ) ( )( ( ))
1 '( ) 1 '( )( ( ) ( ))
u t u t
w t t
t f n u t w tτ τ+ = =+ + −      (8) 
 
Where Ĳ’(t)=dĲ/dt and f’(x)=df(x)/dx. Note that when u(t), w(t) and n(t) are given at time t, Eq. 8 gives w(t+Ĳ(t)), 
that is, w(t) for a time Ĳ(t) ahead. Hence when solving Eq. 4 and Eq. 6 sequentially over time, w(t) is already 
known at each time t. Then, with w(t) known and u(t) given, at each time t, from t=0 to t=T, use Eq. 6 to compute 
n(t) and Eq. 4 to compute Ĳ(t) (Carey and Ge, 2003). 
3.2.2. Microscopic reconstruction method 
As for the second model, micro-simulation software VISSIM has been utilized to generate link/path travel 
times. VISSIM is used to simulate the detailed model and conditions of a segment of the study area. VISSIM’s 
traffic model is based on the study of R. Wiedemann (Wiedemann 1974, Wiedemann 1991), which combines the 
model of driver, the car following model, with the vehicle model, the lane changing model. 
Car following models can explicitly define the longitudinal vehicle movement which is influenced by other 
vehicles in the front in the same lane.  Influence on the movement of a vehicle can be characterized by perception 
of the movement of front vehicle i.e., speed difference and change in distance. Changing variables on real life can 
only be perceived when the physical impulse exceeds a minimum threshold. Limits in human perceptions can 
certainly affect car following models. The nature of human driving behaviour can be represented by the Normal 
distribution. Hence, random calibration values, fitting a normal distribution, are used within the model to calculate 
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both the driving function and the threshold. Thresholds on desired distance for standing vehicles, desired minimum 
following distance at low speed differences, perception of speed difference at long distances, perception of 
growing distance in following process, perceptual for recognizing small speed, decreasing distances, perceptual for 
recognizing small speed differences but increasing distances are explained in the works of Wiedemann 
(Wiedemann, 1974; Wiedeman, 1991). The thresholds delimit four types of driving behaviours, i.e., the un-
influenced driving, the closing process, the following process and the emergency breaking. 
The lane changing model defines the representation of human perception of relative vehicle movements. Hence, 
the lane changing model has been defined in strong relation to the car following model. Two types of lane 
changing have to be distinguished; changes from a slower to a faster lane and changes from a faster to a slower 
lane. In the model, changes to both are only possible if no dangerous situation results from the movement 
(Wiedemann 1974, Wiedemann 1991). 
Figure 2 shows how travel times are determined by VISSIM. Dependant on the space-time trajectory of each 
vehicle, travel time can be determined for any section that is bounded by points specified at both upstream and 
downstream. For a specific time interval, solely vehicles those traverse a section are taken into account. Each 
vehicle traversing a section is tracked and registered into a set that average travel time is derived. Experienced 
traversal times of vehicles are averaged considering two different computation time intervals: i) entering time 
interval (see [t0, t1] on Fig. 2) and ii) exiting time interval (see [t2, t3] on Fig. 2). In the former case travel time is 
determined by averaging the traversal times of vehicles those enter the section within [t0, t1], where in the latter 
case the same averaging scheme is applied to the traversal times of vehicles those exit the section within [t2, t3]. 
 
 
Fig. 2. Space-time diagram for travel time calculation in VISSIM (PTV AG, 2011). 
3.3. Simulation and analysis 
Travel times on links bounded by RTMS detection points (see Fig. 3) are reconstructed by both the 
macroscopic model of Friesz et al. (1993) and the VISSIM microscopic model. Distributions of reconstructed 
travel times are further obtained specific to each modelling method. Analyses on reconstructed measures are 
carried out relatively and comparatively with the corresponding actual measurements. 
During defining the study area to VISSIM software, downstream and upstream at-grade junctions together with 
on-ramps and off-ramps existing spatially before and after the freeway stretch are considered to incorporate the 
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effects of any probable heterogeneity. RTMS measurements on vehicle counts considering vehicle classes are 
dynamically input to VISSIM at a cross-section that exists spatially before the analysed freeway section. The so-
called ‘data collection points’ in VISSIM are specified exactly corresponding to the RTMS units in order to form 
artificial nodes those bound and segment the freeway route. The flow propagation by software is simulated 
sourcing vehicle count data of morning peaks, from 06:00 to 10:30, on 5 weekdays. Simulation outputs on vehicle 
count, speed and travel time variables are obtained at each discretized 5 seconds time interval. 
It is important to note that the VISSIM simulation software is used on two purposes. The first is to calibrate its 
traffic flow model with actual RTMS measurements and generate freeway traffic which is further input to run the 
macroscopic model. And the second is to evaluate its performance on reconstructing travel times from actual 
RTMS inputs.  
 
 
Fig. 3. Study segment, links and lengths of links. 
The inflow measures to be input to the macroscopic model (Friesz et al., 1993) are generated by the above 
mentioned micro-simulation process. Capacity value is set to 2000 vph per lane considering a previous case study 
on empirical findings on freeway traffic in Istanbul (Sahin et al., 2004). The theoretical background of the selected 
macroscopic model (Friesz et al., 1993), presented in Subsection 3.2.1, is coded to calculate link specific travel 
times. Following, distribution of link and method specific travel times are determined with simple assumptions.  
3.3.1. Direct reconstruction of link travel times from measurements 
GPS module measurements on spatial differentiations with respect to time differentiations are aggregated in 5 
seconds interval in order to match actual travel times with the corresponding model reconstructions. Therefore, the 
travel time measure is derived spatially varying along a link. Fig. 4 shows the spatial variation on the measured 
speed profile. 
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Fig. 4. Day-to-day variation of speed profiles obtained by probe vehicle. 
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In order to satisfy a day to day consistency, probe vehicle measurements on the test route have begun at the 
same time each day. Considering records on GPS logs, it is seen that entrance time to the first link differs between 
07:37 and 07:44. Speed profiles depicted at Fig. 4 show that speed of the probe decreases to around 0 kph on July 
05 and July 08 while probe speed is measured considerably higher, without experiencing 0 kph, on July 07 
relatively to other days. 
3.3.2. Distribution of reconstructed travel times 
Average travel times specific to each link and each day in terms of 5 seconds over a 4.5 hours period are 
clustered considering the number of observations, M, in Eq. 9. Considering Eq. 9, and the minimum and maximum 
values of reconstructions by two methods, 13 classes are formed to cluster travel time reconstructions and evaluate 
frequencies practically. 
 
 1 3.3 lognumber of class M= + ⋅       (9) 
 
0
500
1000
1500
Link 1
Fr
eq
ue
nc
y
36
.20
−3
9.9
9
39
.99
−4
3.7
8
43
.78
−4
7.5
7
47
.57
−5
1.3
6
51
.36
−5
5.1
5
55
.15
−5
8.9
4
58
.94
−6
2.7
3
62
.73
−6
6.5
2
66
.52
−7
0.3
1
70
.31
−7
4.1
0
74
.10
−7
7.8
9
77
.89
−8
1.6
8
81
.68
−8
5.4
7 0
500
1000
1500
2000
Link 2
Fr
eq
ue
nc
y
22
.20
−2
5.3
6
25
.36
−2
8.5
2
28
.52
−3
1.6
8
31
.68
−3
4.8
4
34
.84
−3
8.0
0
38
.00
−4
1.1
6
41
.16
−4
4.3
2
44
.32
−4
7.4
8
47
.48
−5
0.6
4
50
.64
−5
3.8
0
53
.80
−5
6.9
6
56
.96
−6
0.1
2
60
.12
−6
3.3
0
0
1000
2000
3000
Link 3
Fr
eq
ue
nc
y
32
.60
−3
6.7
8
36
.78
−4
0.9
6
40
.96
−4
5.1
4
45
.14
−4
9.3
2
49
.32
−5
3.5
0
53
.50
−5
7.6
8
57
.68
−6
1.8
6
61
.86
−6
6.0
4
66
.04
−7
0.2
2
70
.22
−7
4.4
0
74
.40
−7
8.5
8
78
.58
−8
2.7
6
82
.76
−8
7.0
0 0
500
1000
1500
Link 4
Fr
eq
ue
nc
y
29
.30
−3
3.5
0
33
.50
−3
7.7
0
37
.70
−4
1.9
0
41
.90
−4
6.1
0
46
.10
−5
0.3
0
50
.30
−5
4.5
0
54
.50
−5
8.7
0
58
.70
−6
2.9
0
62
.90
−6
7.1
0
67
.10
−7
1.3
0
71
.30
−7
5.5
0
75
.50
−7
9.7
0
79
.70
−8
3.9
0
0
500
1000
1500
2000
Link 5
Fr
eq
ue
nc
y
23
.40
−2
8.1
0
28
.10
−3
2.8
0
32
.80
−3
7.5
0
37
.50
−4
2.2
0
42
.20
−4
6.9
0
46
.90
−5
1.6
0
51
.60
−5
6.3
0
56
.30
−6
1.0
0
61
.00
−6
5.7
0
65
.70
−7
0.4
0
70
.40
−7
5.1
0
75
.10
−7
9.8
0
79
.80
−8
4.5
0 0
1000
2000
3000
Link 6
Fr
eq
ue
nc
y
 
 
15
.30
−1
9.0
2
19
.02
−2
2.7
4
22
.74
−2
6.4
6
26
.46
−3
0.1
8
30
.18
−3
3.9
0
33
.90
−3
7.6
2
37
.62
−4
1.3
4
41
.34
−4
5.0
6
45
.06
−4
8.7
8
48
.78
−5
2.5
0
52
.50
−5
6.2
2
56
.22
−5
9.9
4
59
.94
−6
3.7
0
04July2011 05July2011 06July2011 07July2011 08July2011
 
Fig. 5. Distribution of VISSIM reconstructions on travel times. 
The distribution of link travelling times simulated by VISSIM software is shown in Fig. 5. Here, the horizontal 
axis represents travel times in terms of seconds while the vertical axis account for the frequency. The variation of 
travel times is relatively higher on link number 1, which is relatively longer than other links and succeeds a closer 
on-ramp. This is due to the existence of a two-lane merge that results in a bottleneck on mainstream. The six-lane 
freeway section decreases to a four-lane section along approximately 350 m to the initial node of link number 1. 
Increase on the variation of driver behaviour yielded to shockwaves in traffic in which freeway flow even 
experienced stopping waves. Therefore, the speeds, and consequently travel times, on the homogeneous 4-lane 
case study stretch experienced variations. The relatively high variation on performances reconstructed specific to 
link number 1 is also encountered on performances of link number 3 due to its relative length. Link travelling 
times converge to the minimum on link number 6 which is the shortest one existing on the entire route. Since link 
number 6 is short, the changes in flow dynamics more apparently affect travel time reconstruction on this link. 
Since links number 2, 4 and 5 are in moderate lengths, flow dynamics on these links are similar. Moreover 
reconstructed travel times are clustered in certain intervals. VISSIM software reconstructions on travel times 
naturally gather around minimum traversal times due to the explicit consideration of each vehicle’s longitudinal 
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and lateral movements. Anticipation and relaxation of each vehicle in traffic flow enables reconstruction of more 
stable flow dynamics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Distribution of macroscopic model reconstructions on travel times. 
The distribution of link travelling times reconstructed by the macroscopic model of Friesz et al. (1993) is shown 
in Fig. 6. As in Fig. 5, the horizontal axis represents travel times in terms of seconds while the vertical axis 
account for the frequency in Fig. 6. The most important variable of the macroscopic model that significantly 
affects the variation of travel times is the link load. Employing this model, the link travelling time linearly 
increases with the increasing link loads and can equal at most the twice of the free-flow travelling time of the link. 
If the inflow to a link is greater than link capacity, the model responsively returns congested state dynamics that 
yields to the maximum link travelling time. 
Since link number 6 is the shortest and is demanded to be loaded over its capacity, the congestion effect on this 
link is prevailing longer than others. This is also clear in terms of the distribution of travelling times on this link, 
where the experienced travel times gather around the interval that consists the maximum. In contrast to other links, 
travel times on links number 1 and 3 do not cumulate around maximum since these links are relatively longer. 
As can be clearly seen from the figures (link no. 3 at Fig. 6) especially considering the intervals of 45.14-49.32 
and 66.04-70.22, link travelling time is relatively more sensitive to loaded inflow profile. Variation on link 
travelling times is relatively higher which consequently results in a wider class interval for July 08, 2011 
calculations in contrast to July 04, 2011 calculations. 
Fig. 7 shows the within-day variation of travel time reconstructions those are obtained by data of July 06, 2011. 
The microscopic model reconstructs travel times around the free-flow link travelling times until the loaded inflow 
profile reaches the capacity, i.e., approximately at the first 75-100 computation time (07:30 a.m.) intervals. 
3.3.3. Comparative evaluation 
A number of criteria have been selected in order to evaluate statistically the reconstruction performances. Three 
error terms, i.e., the Mean Absolute Error (MAE), the Root Mean Squared Error (RMSE), and the Mean Absolute 
Relative Error (MARE), are calculated. In order to obtain a comparative evaluation of the distribution of travel 
times with varying means, the coefficient of variation, cv, is calculated dividing the standard deviation to the mean 
of the reconstruction set. 
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Fig. 7. Comparison of travel time reconstructions by employed flow models (July 06, 2011 data) 
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Figure 8. Profiles of reconstructed travel times with corresponding GPS measurements. 
Travel time reconstructions using both the macroscopic and the microscopic model are plotted in Fig. 8 with 
corresponding actual GPS measurements. It is seen that the total time that the probe vehicle has traversed the test 
route composed of 6 links varies from day to day within a range of 4 to 6.5 minutes. In order to present a more 
clear comparison, travel time profiles are plotted within a range that is constrained by route traversal times. 
Although the measure of exact link travelling times is obtained by GPS measurements, the spatial differentiation 
of the probe is calculated on a 5 seconds time interval in order to extrapolate the travel time throughout a link. This 
approach is followed in order to incorporate dynamic characteristics of traffic flow those vary spatially and 
temporally. 
Reconstructed values and the corresponding actual measurements aggregated on a 5 seconds interval are used 
to calculate performance criteria. The MAE range of VISSIM model's performance is between 0.38 seconds and 
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65 seconds where the same range exists as between 0.89 sec and 63 seconds for the macroscopic model. More or 
less the similar performances are obtained in terms of the MARE statistic. Considering both the MAE and MARE, 
it can be concluded that the ranges that statistical criteria vary are quite similar. 
The lowest MAE calculated by VISSIM model reconstructions is of 07 July 2011 where the actual speeds (see 
Fig. 4) are relatively higher in comparison to other days. The higher MAE calculations are by the reconstructions 
from 04 July 2011 data of link no. 4 where the lowest speeds are experienced. This behaviour of error variation is 
consistent with the fact that the MAE calculations increase with the decrease in the average speeds. For example, 
the lower average speeds on link no. 1 in every day yield to MAE around 9 seconds, where higher average speeds 
on link no. 6 in 07 July 2011 yield to MAE converging to zero seconds.  
Considering the distributions of travel time reconstructions in relevant aggregation class intervals, it is seen that 
the set of VISSIM reconstructions has relatively a higher measure of standard variation in comparison to the set of 
macroscopic model reconstructions. In order to present a more appropriate comparison on sets of reconstructed 
values with differing means, the coefficient of variation is calculated considering both the mean and the standard 
deviation, cv. The cv calculated by measures of VISSIM reconstruction set is relatively higher in comparison to 
reconstructions by the macroscopic model. This is due to the fact that the microscopic approach on flow modelling 
explicitly considers both longitudinal and the lateral movement behaviour of each single vehicle, where the 
macroscopic approach suggests a fluid-dynamic approximation to flow dynamics on a link as if to generalise local 
characteristics and consequently yields less variations in terms of link performances. This approximation is 
appropriate especially when the case is to analyse the distribution of travel times over a route or a network piece.  
4. Conclusions 
The present study is conducted to explicitly analyse travel time reconstructions in which the motivation is two-
fold: to evaluate the reconstruction performance of different traffic flow modelling approaches and to evaluate the 
distribution of consequent reconstructions. The reconstructions on link travelling times those are obtained by both 
a microscopic and a macroscopic flow model are comparatively evaluated with the corresponding actual 
measurements of GPS equipped probe vehicle. The spatial speed variation captured by the GPS module is 
aggregated in a considerably smaller time interval than link traversal times, in order to account for local flow 
characteristics which along the link rather than extrapolating the exact link traversal time. Although two 
approaches are found to perform similar travel time reconstructions, the macroscopic model outputting aggregate 
link performances is found to provide more accurate distributions on link travel times. Dependent on this finding, 
it is logic to conclude that the macroscopic approach, in comparison to the microscopic, is more appropriate in 
approximating network-wide travelling times. Explicit analysis considering this statement is one of the possible 
research directions of the present study which is ongoing. 
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